An appropriate rheological model can be used in production of good quality gum candy required by consumers. For this purpose Creep-Recovery Test (CRT) curves were recorded with a Stable Micro System TA.XT-2 precision texture analyser with 75 mm diameter cylinder probe on gum candies purchased from the local market. The deformation speed was 0.2 mm s -1 , the creeping-and recovering time was 60 s, while the loading force was set to 1 N, 2 N, 5 N, 7 N, and 10 N. The two-element Kelvin-Voigt-model, a three-element model, and the four-element Burgers-model were fi tted on the recorded creep data, and then the parameters of the models were evaluated. The best fi tting from the used models was given by the Burgers model. Keywords: Burgers model, gum candy, rheological modelling, texture analyser
been thoroughly investigated. Gelatine gels are quite soft and fl exible, and the gel strength is dependent on the gelatine concentration (MOHOS, 2010) .
There are lots of papers in the literature about properties of combined gelatine gels, but few about saccharine/gelatine combined gels. Hardness of gelatine gels can be increased with adding for example gellan and/or calcium ions to gel as shown by texture profi le analysis on gellan/pectin mixed gels (LAU et al., 2000) . The effect of gellan/gelatine ratio and the added calcium ion on gel texture elasticity, hardness, and cohesiveness were obvious, but optimal proportion was not given. DEMARS and ZIEGLER (2001) investigated the texture, the sensory properties, and the microstructure of gelatine/pectin gels like gum candies in the function of composition. The addition of pectin to a gelatine gummy gel reduced the strain at facture and infl uenced the stress of facture depending on the pectin and gelatine concentration. The stress and the strain at facture were in good correlation with sensory fi rmness and elasticity. At high total polymer and pectin concentrations, phase separation and coalescence were incomplete.
The texture of viscoelastic food materials, and so the texture of gum candy, too, can be described with various viscoelastic rheological models (MITCHELL, 1980; BAGLEY, 1983) . The creep under constant stress can be described with several rheological models: two-element (Kelvin-Voigt model), three-element, four-element (Burgers model) models (SITKEI, 1981; FIGURA & TEIXEIRA, 2007) , or in some cases the stretched exponential model can also be used (ZSIVÁNOVITS, 2007) . The relaxation processes under constant deformation can be also characterized with various rheological models.
Our earlier Creep-Recovery Test (CRT) measurements -at the request of the manufacturer -gave the describing characterization of viscoelastic properties of gum candy (CSIMA & VOZÁRY, 2013) . Some parameters of CRT curves, the maximal and elastic deformation, were determined in the function of deforming force, of deformation speed, and of creeping time. The creeping part of CRT permits the approach of measured creeping curve under constant stress with rheological models.
The aim of our work presented here was to approach the creeping part of CRT curve of gum candy with various rheological models and to evaluate the rheological parameters of the model. Comparing the accuracy of approach for various models, a possible rheological model of gum candy can be given.
Materials and methods

Materials
For the experiments gum candies purchased from local market were used. The gum candies originated from the same production and had the same shape. The overall size of the samples is 2 cm × 1 cm × 1 cm with a weight of about 2.40 g. Based on the manufacturer's information, the gum candies contain glucose syrup, sugar, gelatine, dextrose, natural colour, aroma, and taste components from fruit and vegetables, and are covered with bee and carnauba wax to avoid the sticking of gum candies to each other and to prevent candy from loosing moisture. All measurements were done at room temperature.
Methods
The CRT describing viscoelastic properties (BAGLEY, 1983 ) is a complex rheological measuring method, which contains three parts. At fi rst the sample is compressed with a constant deformation speed until the preset loading force is reached. After that, the preset constant loading force is held for a preset time, this period is named creeping. At the beginning of the third part called recovering, the loading force decreases to zero and the relaxation of deformation is measured for the same time as the creeping was endured.
The experiments were executed with a TA.XT-2 precision texture analyser (Stable Micro System, UK). 'Force measurement in compression' mode with 'relaxation test' method was used with a cylinder metal plate of 75 mm diameter. The speed of cylinder was 0.2 mm s -1 . On the samples CRT curves were recorded with 1 N, 2 N, 5 N, 7 N, and 10 N loading force values. The creeping and recovering time was 60 s. The parameters (force, time) were chosen on the basis of our earlier experiments (CSIMA & VOZÁRY, 2013) . The data acquisition rate was 10 points pro seconds. In every setting 20 samples were measured and evaluated.
CSIMA and co-workers (2010) found that the little sample size and the specifi c nonplanar shape and surface could cause errors in the measured results. To avoid these possible errors, a 75 mm diameter probe was used, which was bigger than the sample size. The texture analyser was not able to implement instantaneous loading and off-load, so at the start and at the end of the creeping period measuring errors were found (e.g. overshoot in measured force values).
The recorded force -deformation -time data series of CRT curves were handled with Texture Exponent 1.21 (Stable Micro System), R Project 3.0.1 (R Foundation for Statistical Computing, Vienna, Austria) and MS® Offi ce 2003 Excel SP3 software. The used curve evaluating method was very similar to the curve fi tting and modelling procedure used by DÉNES and co-workers (2012) in case of light intensity curves. A smoothing with SavitzkyGolay method was used to eliminate the relative high noise of force and deformation measurements.
The creeping period was cut out, then the deformation data series were moved to a common time starting point (normalization). For the normalized data series the strain (ε) was calculated from the measured deformation and the original height of sample.
The strain curves as the function of normalized time data were approached with various ( Fig. 1.A, B , and C) rheological models. The stress at the beginning of creeping time is ϭ 0 , calculated as a ratio of the acting, constant force and the contact surface of sample. The relative deformation, ε, depends on time, t, according to Eq. 1 (Kelvin-Voigt model), Eq. 2 (three-element model) and Eq. 3 (Burgers model) (SITKEI, 1981) . 
From the a, b, c and d values the E r , E 0 and η v , η rheological parameters were determined.
Results and discussion
A typical measured CRT curve is shown in Figure 2 . The model fi tting was applied only for the creeping part. The Kelvin-Voigt model (Fig. 1A) describes the creeping, if the loading is instantaneous and constant. But in our case the creep period can be observed after continuously increasing load (while the preset force is reached) and the deformation is the sum of deformation reached under increasing force and the deformation of creeping. The Kelvin-Voigt model, according to the Equation 1., describes only the creeping period, therefore this model is not appropriate. Developing with further elements, the three-element model (Fig. 1B) and the four-element model, the Burgers model (Fig. 1C) can be used for more precisely describing the creeping behaviour of semisolid materials (SITKEI, 1981; MOHOS, 2010) . BAGLEY (1983) suggested the use of Burgers model for modelling the viscoelastic behaviour in case of food materials.
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The approach of measured point can be seen more precisely with four-element Burgers model than with three-element model (Fig. 3) . The gum candy shows a continuously increasing creep deformation under constant force (measured points), and this increasing deformation can be described well only by the four-element model. In Eq. 3 there is a The statistical analysis of fi tting ( Table 1 ) confi rmed that the fi tting was closer with Burgers model than with three-element model: The summa of residuum squares, the mean of root of square error (RMSEP), and the correlation coeffi cient (R 2 ) show also better fi t with Burgers model. The applied loading force has effect on all coeffi cients. The values of coeffi cients of both models are shown in Table 2 . Model parameters E 0 , E r , η, and η v were correlated to loading force values (Figs. 4 and 5). The increasing rheological parameters might suggest the change of structure of gum candy under increasing stress. The candy material is a complex protein-carbohydrate polymer mesh with bound water content (BUREY et al., 2009) . Gels containing polysaccharide chains have no rubber elasticity, but gelatine gels behave like rubber (MITCHELL, 1980) . Under the increasing stress, the structure of the gum candy can be changed. One part of the non-covalent bonds is ruptured (FOEGEDING, 2007) . Damage of the polymer mash and the changes in secondary binding between water and mesh also was observed (BUREY et al., 2009) . The rheological properties of other confectionery products with such complex texture materials (as chocolate) can also show structure changes under various conditions (BICZÓ et al., 2013) . Our earlier stress-strain measurements on gum candies with various speed of probe from 0.1 mm s -1 up to 1.1 mm s -1 could be described by a Maxwell-model containing an elastic element with elastic modulus depending on the stress (VOZÁRY et al., 2011) . The increasing elastic modulus can be explained by cracking of gel structure in consequence of higher deformation speed (FOEGEDING, 2007) . The standard deviation of rheological parameters increased as a function of the applied stress (Figs. 4 and 5), meaning that under bigger stress the change of texture is bigger, while under less stress, the structure changes less.
Conclusions
The CRT, as a traditional measuring test, could be appropriate for rheological description of changes in gum candy material. By choosing the appropriate creeping time, loading force, and deformation speed, the follow up of the changes under stress in gum candy texture is possible. The plotted results show that the Burgers model could be a real model of gum candies, but the parameters of the Burgers model depend on the applied stress. Based on the linear correlation between the rheological parameters (E 0 , E r , η, h v ) and the loading stress, the Burgers model can be developed in the future. 
